We sought to examine associations between initiation of beta-blocker therapy and outcomes among elderly patients hospitalized for heart failure.
Conclusions
In elderly patients hospitalized with heart failure and LVSD, incident beta-blocker use was clinically effective and independently associated with lower risks of death and rehospitalization. Patients with preserved systolic function had poor outcomes, and beta-blockers did not significantly influence the mortality and rehospitalization risks for these patients. Heart failure is the most common discharge diagnosis for Medicare beneficiaries, and more than one-half of patients admitted for heart failure will be readmitted within 6 months (1,2). Although outcomes for heart failure are poor, advances in understanding of heart failure over the past 2 decades have led to important advances in therapy. One major advance is the clinical trial evidence for beta-blockers, which is now a cornerstone of heart failure treatment (3) .
Among patients with heart failure and reduced systolic function who are enrolled in randomized clinical trials, beta-blockers confer a 10% to 40% reduction in mortality and hospitalization within 1 year (4 -6). Patients enrolled in randomized clinical trials tend to be relatively young, have relatively few comorbid conditions, and are not representative of the general heart failure population encountered in clinical practice (7) . Moreover, patients' care in clinical trials may be significantly better compared with that of the general population of patients with heart failure. Thus, there is limited data on the effectiveness and safety of beta-blockers in non-clinical trial populations of patients with systolic dysfunction, and there are almost no data for patients with preserved systolic function.
A number of studies have found that evidence-based heart failure therapies are underused, especially in the elderly (8 -11) . Although current guidelines recommend that populations underrepresented in heart failure clinical trials-including elderly patients, women, racial/ethnic minorities, and patients with comorbid conditions-should be treated like the broader population in the absence of specific evidence to the contrary, some physicians may be hesitant to do so without additional evidence of effectiveness in these populations (3) (4) (5) (6) 12) .
Given the limited evidence and the uncertainty, we sought to measure the clinical effectiveness of beta-blockers in a broad group of eligible elderly patients with heart failure who were newly initiated on beta-blocker therapy and discharged after a heart failure hospitalization.
Methods
Data sources. We merged data from the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure) registry and from enrollment files and in-patient claims from the Centers for Medicare and Medicaid Services (CMS). OPTIMIZE-HF was a national registry and performance-improvement program for patients hospitalized with heart failure (13) (14) (15) (16) . This nationwide patient registry was used to gather data on various patient characteristics with a web-based information system. In an approach similar to Joint Commission case ascertainment of heart failure hospitalizations, eligibility for the OPTIMIZE-HF registry required patients to be adults hospitalized for an episode of new or worsening heart failure as the primary cause of admission or with significant heart failure symptoms that developed during a hospital stay with a primary discharge diagnosis of heart failure. Similar to other national cardiovascular registries and quality-reporting initiatives, data regarding medical history, signs and symptoms, medications, and diagnostic tests were collected via a web-based registry. The registry also includes data on contraindications, intolerance, and other reasons for not prescribing therapy. All regions of the U.S. are represented in the registry, and a variety of institutions participated, from community hospitals to large tertiary medical centers. The OPTIMIZE-HF protocol was approved by each participating center's institutional review board or by a central institutional review board. Automated electronic data checks were used to prevent out-of-range entries and duplicate patients. A source data verification audit of a random 5% of the first 10,000 records collected showed better than 99% concordance on 53% of the fields (118 of 223) and 95% concordance on 91% of the fields (205 of 223). Fields with less than 95% concordance were not used in this analysis.
The CMS files include all fee-for-service Medicare beneficiaries age 65 years and older who were hospitalized with a diagnosis of heart failure (International Classification of The institutional review board of the Duke University Health System approved this study. Analysis population. After exclusion of 1,212 patients who died before discharge, the merged dataset included 24,689 patients with heart failure age 65 years and older who were discharged alive from the hospital and for whom Medicare data were available (Fig. 1 ). For patients with multiple hospitalizations recorded in the registry, we used information from the earliest hospitalization. We included only patients documented as eligible for beta-blocker therapy. We successively excluded patients who had documented contraindications or intolerance to beta-blockers (n ϭ 2,975), who were discharged or transferred to other short-term hospitals (n ϭ 309) or hospice (n ϭ 399), or who left against medical advice (n ϭ 49) (18) . We also excluded patients who were missing information on admission beta-blocker status, discharge beta-blocker status, or discharge status (n ϭ 114) and patients with incomplete or inconsistent Medicare follow-up history (n ϭ 364).
From the remaining patients, we created 2 analysis cohorts. The first cohort-those with left ventricular systolic dysfunction (LVSD)-included patients with either documented left ventricular ejection fraction (LVEF) of Ͻ40% or qualitative documentation of LVSD (n ϭ 7,529). The second cohort-those with preserved systolic function-included patients with either documented LVEF of at least 40% or qualitative documentation of preserved systolic function (n ϭ 9,712). We excluded patients without documentation of left ventricular function (n ϭ 3,238). Outcomes. The outcomes of interest were time to death, time to first rehospitalization, and time to death or first rehospitalization within 1 year after hospital discharge. We obtained dates of death from the CMS enrollment files and data regarding hospital admissions from the CMS in- patient files. We did not count subsequent admissions for rehabilitation as rehospitalizations in this analysis. Primary analyses. The primary analysis estimated the effect of newly initiated beta-blocker therapy versus no beta-blocker therapy on mortality and all-cause rehospitalization at 1 year in eligible patients with heart failure who were naïve to beta-blockers at hospital admission. There were 3,001 patients in the LVSD cohort and 4,153 patients in the preserved systolic function cohort. We analyzed the 2 cohorts separately. In sensitivity analyses, we replicated the primary analysis in all eligible patients regardless of whether they were taking beta-blockers before admission. That is, we included both patients newly initiated on beta-blocker therapy and those who were continuing beta-blocker therapy. We also explored whether findings for clinical effectiveness of beta-blockers differed between patients with LVEF of 40% to 49% compared with the overall cohort with preserved systolic function.
In the LVSD and preserved systolic function cohorts, we also evaluated whether there was heterogeneity in the findings regarding beta-blocker effectiveness. Specifically, we examined whether the effectiveness of beta-blockers was the same for patients with and without chronic obstructive pulmonary disease, renal insufficiency, and diabetes mellitus. Statistical analysis. We summarized baseline characteristics by treatment group using percentages for categoric variables and medians and interquartile ranges for continuous variables. For comparisons by treatment group, we used chi-square tests for categoric variables and Wilcoxon rank sum tests for continuous variables. We summarized observed mortality using a Kaplan-Meier estimator and rehospitalization using the cumulative incidence function (19) . We estimated the unadjusted relationship between treatment and outcome using a Cox proportional hazards model in which treatment group was the only variable. We estimated the adjusted relationship between treatment and outcome using an inverse probability-weighted Cox proportional hazards model (20, 21) . The weights in this model were based on propensity to receive treatment (Online Appendix). Specifically, we used logistic regression models to estimate the propensity to receive any beta-blocker at discharge (vs. no beta-blocker) as a function of age at admission, sex, race, ischemic heart failure status, LVEF, 
Results
In the primary analysis of the LVSD cohort (n ϭ 3,001), which included patients with heart failure and LVSD who were eligible for beta-blockers and naïve to beta-blockers at admission, 1,800 patients (60.0%) were newly initiated on beta-blocker therapy. Table 1 shows the baseline characteristics of the cohort by discharge beta-blocker status. Patients discharged on beta-blockers were slightly younger and had less atrial arrhythmia and renal insufficiency compared with eligible patients discharged without beta-blockers. In the preserved systolic function cohort (n ϭ 4,153), which included patients with heart failure and preserved systolic function who were eligible for beta-blockers and naïve to beta-blockers at admission, 1,621 patients (39.0%) were discharged on beta-blocker therapy. Table  1 shows the baseline characteristics of the cohort by discharge beta-blocker status. Patients discharged on beta-blockers were more often nonwhite and had a higher frequency of ischemic heart failure than patients discharged without beta-blockers. Eligible patients discharged without beta-blockers had higher median LVEF and higher prevalence of atrial arrhythmia and chronic obstructive pulmonary disease. Table 2 shows the discharge therapies for the 2 cohorts. In general, patients discharged on beta-blocker therapy in both cohorts were more likely to be taking ACE inhibitors or ARBs, antiplatelet agents, lipid-lowering agents, and aldosterone antagonists. In-patient cardiac catheterization rates were higher in both cohorts for patients discharged on beta-blocker therapy.
Observed 1-year mortality for all patients who were eligible for and naïve to beta-blockers at admission was 32.8%, and the 1-year all-cause rehospitalization rate was 64.3%. In the LVSD cohort, 1-year mortality was 34.3% and the 1-year rehospitalization rate was 63.2%. In the preserved systolic function cohort, 1-year mortality was 31.7% and the rehospitalization rate was 65.0%. One-year survival for eligible patients initiated on beta-blocker therapy compared with eligible patients not initiated on betablocker therapy at discharge is shown in Figure 2 for patients with LVSD and in Figure 3 for patients with preserved systolic function.
In both cohorts, the discrimination of the propensity model was moderate, indicating that the treatment groups were similar enough to be adjusted using propensity weights (22) . The c statistics for the propensity models were 0.67 in the LVSD cohort and 0.63 in the preserved systolic dysfunction cohort. In both models, the most important variables, defined as those with the highest Wald chi-square values, included other discharge therapies (i.e., antiplatelet therapy, ACE inhibitor, or ARB) and within-hospital angiography. After observations were weighted by their propensity for treatment received, none of the factors listed in Tables 1 or 2 differed significantly between treatment groups in either cohort. Table 3 shows the unadjusted and adjusted results for incident beta-blocker therapy at discharge compared with no beta-blocker therapy for both cohorts. In the LVSD cohort, we observed a protective effect of beta-blocker therapy on mortality and on the combined end point of mortality and rehospitalization. After adjustment, the hazard rate for mortality was 23% lower for patients newly Comparison of Kaplan-Meier survival curves at 1 year. The solid line represents eligible patients who were not on beta-blocker therapy at discharge. The dashed line represents eligible patients who were on beta-blocker therapy at discharge. LVSD ϭ left ventricular systolic dysfunction. initiated on beta-blocker therapy, compared with those eligible but not discharged on beta-blocker therapy. For the combined end point, the adjusted hazard rate was 13% lower for patients newly initiated on beta-blocker therapy. After adjustment, incident beta-blocker therapy at discharge did not have a statistically significant effect on the hazard of rehospitalization among patients with LVSD. Among patients with preserved systolic function, incident beta-blocker therapy at discharge did not have a statistically significant effect on mortality, rehospitalization, or the combined end point after adjustment. In sensitivity analyses, we explored outcomes in subgroups of patients with LVSD, including patients with and without chronic obstructive pulmonary disease, renal insufficiency, and diabetes mellitus. Table 4 shows the relatively homogeneous findings for mortality in these subgroups. Based on ␣ ϭ 0.01 as a significant interaction, adjusted hazard ratios for beta-blocker therapy showed no significant heterogeneity in patients with chronic obstructive pulmonary disease, diabetes mellitus, and renal insufficiency and in patients age 65 to 74 years and 75 years and older. The findings were similar for rehospitalization and the combined end point of mortality and rehospitalization in these subgroups. We performed subgroup analyses of patients with preserved systolic function (Online Appendix). We also examined 937 patients with measured ejection fractions of 40% to 49%. In this group, 454 (48%) patients initiated beta-blocker therapy at discharge. The unadjusted and inverse-weighted hazard ratios for initiation of beta-blocker therapy compared with no beta-blocker were similar. 
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Discussion
This study of clinical effectiveness addresses important questions about heart failure and beta-blockers by linking a large contemporary heart failure registry containing data on clinical characteristics, treatment eligibility, and contraindications and intolerance with long-term outcome data from Medicare claims. The registry includes a broad cohort of patients (including elderly patients) with heart failure from a variety of settings and from all regions of the U.S. The registry contains far more detailed information on patient characteristics, presenting symptoms, treatments, and outcomes than has been available in other administrative datasets or registries. We confined the analysis to patients who were eligible for beta-blocker therapy and who did not have documented contraindications, intolerance, or other reasons for not receiving beta-blockers. We found that beta-blockers were clinically effective in patients with LVSD, a population that is older and has more comorbid conditions than populations usually enrolled in randomized clinical trials. Moreover, although patients with preserved systolic function had substantial morbidity and mortality after hospitalization for heart failure, in marked contrast to patients with LVSD, we did not find a substantial benefit of beta-blocker therapy in this cohort.
In comparison with clinical trials, in which the median age was 65 years (4 -6,12), the median age in our study was 78 years, and the patients had significant comorbidities. Beta-blockers were prescribed at discharge for nearly 80% of all eligible patients with LVSD, a striking finding given the prevalence of comorbid conditions such as diabetes mellitus, chronic obstructive pulmonary disease, renal insufficiency, and peripheral vascular disease, which are often perceived by practitioners as barriers to beta-blocker therapy. The overall risk in this study population is further highlighted by the 1-year mortality rate of 33%. In contrast, the COPERNICUS (Carvedilol Prospective Randomized Cumulative Survival) trial, which enrolled patients with an LVEF Ͻ25%, had an Comparison of Kaplan-Meier survival curves at 1 year. The solid line represents eligible patients who were not on beta-blocker therapy at discharge. The dashed line represents eligible patients who were on beta-blocker therapy at discharge.
Hazard Ratios for Initiation of Beta-Blocker Therapy Versus No Beta-Blocker Therapy Table 3 Hazard 
Clinical Effectiveness of Beta-Blockers overall mortality rate of 14% during a mean follow-up of 10 months (6). The observed 1-year mortality benefit in this study is especially remarkable, given that eligible patients who were discharged without beta-blocker therapy may have subsequently started treatment and patients discharged on beta-blockers may have discontinued therapy or been nonadherent. Our findings also highlight the risks of decompensation and cardiovascular and noncardiovascular hospital admissions among patients with heart failure. We found an all-cause rehospitalization rate of more than 60% in the first year. Previous clinical trials that included patients with severe heart failure had rehospitalization rates of Ͻ30% within 1 year (6). We found a significant reduction in the combination of mortality and all-cause rehospitalization with beta-blocker therapy for patients with heart failure and LVSD, although the major effect was on mortality alone.
We also found that elderly patients with heart failure and preserved systolic dysfunction had very high mortality and morbidity, with a 1-year mortality rate of 32% and a 1-year rehospitalization rate of 65%. Despite the alarming risk, clinical trial data regarding treatment for patients with heart failure and preserved systolic function are sparse. Betablockers may be beneficial in patients with preserved systolic function who also have other indications, such as coronary artery disease, diabetes mellitus, or hypertension. However, we found no association between beta-blocker therapy at discharge and clinical outcomes in the first year of follow-up in patients admitted with preserved systolic function. There are several possible explanations for the lack of benefit of beta-blockers in this cohort, including the heterogeneity of the population and poor understanding of pathophysiology. The single randomized trial of beta-blockers that included patients with preserved systolic function did not find a mortality benefit in the subgroup of patients with LVEF of at least 40% (23) . Thus, our findings among patients enrolled in the OPTIMIZE-HF registry are consistent with the existing clinical trial evidence. More studies are needed to address this high-risk population and to prospectively test new therapies that could improve outcomes. Our study strengthens the findings of previous studies by including important clinical characteristics, such as LVEF, and prospective data on eligibility for treatment, including contraindications and intolerance. Go et al. (24) analyzed medical records from 2 health care systems to assess the comparative effectiveness of beta-blockers on the risk of rehospitalization for heart failure. After adjustment for risks of admission and propensity to receive beta-blockers, they did not find significant differences in rehospitalization within 12 months for patients on atenolol, metoprolol tartrate, carvedilol, or other beta-blockers. Because the study had limited data on beta-blockers primarily studied in clinical trials and did not have data on LVEF, the importance of evidence-based beta-blockers versus nonevidence-based beta-blockers could not be determined. The striking difference by left ventricular function in the association of beta-blocker therapy with post-discharge outcomes in our study highlights the importance of accurate documentation of left ventricular function for studies of effectiveness in patients with heart failure. The difference also makes it unlikely that observations of improved outcomes in patients with LVSD were simply a result of lower-risk patients being treated with beta-blockers or residual confounding, because these would have applied equally to patients with preserved systolic function. Study limitations. First, hospitals participating in the OPTIMIZE-HF registry were self-selected and may not be representative of national care patterns and clinical outcomes. Second, the follow-up data included were derived from the subset of patients in the registry who were enrolled in fee-for-service Medicare. Third, eligibility for betablocker therapy is based on documentation in the medical record and is thus dependent on the accuracy of this documentation. Some patients may have had contraindications or intolerances that were not documented. Fourth, we did not assess exposure to beta-blockers after hospital discharge, and patients discharged without beta-blocker therapy may have started treatment and those discharged with beta-blocker therapy may have discontinued or not fully adhered to therapy after discharge. A prior analysis of the OPTIMIZE-HF registry showed that in a pre-specified 10% sample of patients with 60 to 90 days of follow-up, 95% of eligible patients discharged on beta-blocker therapy remained on therapy (25) . Any drop-off in beta-blocker therapy would diminish the likelihood of finding a significant difference in post-discharge clinical outcomes, making the findings of a significant difference in survival based on discharge use of beta-blocker therapy more remarkable. Also, we did not assess health-related quality of life, functional capacity, patient satisfaction, or other outcomes that may be of interest; beta-blockers may or may not be associated with these outcomes in clinical practice. Also, we did not have data ascertaining causes of death and rehospitalization. Some studies have suggested that there are differences in mode of death between heart failure patients with reduced and preserved systolic functions (26) .
The association between beta-blocker therapy and outcomes may be confounded by socioeconomic factors that are not included in the multivariable and propensity models. There may also be other unmeasured confounders that, had they been adjusted for, would have strengthened or weakened the association between beta-blocker use and clinical outcomes. This study was observational, and randomized, controlled trials are the best methods for establishing or comparing efficacy of treatment. However, it is unlikely that additional randomized comparisons for beta-blockers either broadly or in special populations, such as patients with preserved systolic function, will be conducted. Thus, our data serve as one of the few resources for improving understanding of clinical effectiveness in patients hospitalized for heart failure.
Conclusions
In an elderly population hospitalized for heart failure, incident beta-blocker therapy at discharge was associated with significantly improved risk and propensity-adjusted survival for patients with LVSD in the first year of followup. These findings extend the results of randomized clinical trials of beta-blockers conducted in selected outpatients with chronic systolic heart failure to a diverse cohort of patients hospitalized with heart failure and LVSD. Patients with heart failure and preserved systolic function have poor outcomes, and beta-blockers do not substantially influence the risk of death or rehospitalization in these patients.
